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NONLINEAR STABILIZATION OF THE CURRENT CONVECTIVE
INSTABILITY IN THE DIFFUSE AURORA

The high latitude scintillation enhancements observed recently by the DNA Wideband
satellite have been characterized by the association of their occurrence regions with horizontal
plasma density gradients and with the nighttime diffuse auroral particle precipitation zone
[Fremouw et al., 1977, Rino et al., 1978]. The scintillations are believed to be caused by field-
aligned sheetlike F region ionospheric irregularities. Recently, we have argued that a current
convective instability, driven by a weak magnetic field-aligned current and a plasma density gra-
dient transverse to the magnetic field, could generate large scale-size irregularities in the
medium; even when the directions of the ambient horizontal electric field and density gradient
are such that the usual E x B gradient drift instability is inoperative (Ossakow and Chaturvedi,
1979]. It was shown there that the threshold conditions for the instability could readily be
exceeded by the observed values of weak diffuse auroral currents and horizontal plasma density
gradients at F region altitudes. In this report, we show that the current convective instability
saturates nonlinearly by generating linearly damped harmonics through a dominant two-
dimensional nonlinearity in the continuity equation. The estimated saturated amplitudes are
then compared with the experimental data recently obtained through in-situ rocket flights (M.
C. Kelley, private communication, 1979), and the agreement is found to be satisfactory. We
note here that this nonlinear saturation mechanism has earlier been studied for the cases of
some other gradient driven instabilities, namely, the E x B gradient-drift instability [Rognlien
and Weinstock, 1974, Chaturvedi and Ossakow, 1979] and the collisional and collisionless gravita-
tional (Rayleigh-Taylor) instability [Chaturvedi and Ossakow, 1977, Hudson, 1978).

Manuscript submitted October 4, 1979.
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CHATURVEDI] AND OSSAKOW

We consider a coordinate sysiem appropriate for the auroral F region ionosphere in which -
the earth’s magnetic field is aligned with the z-axis, the density gradient points northward along . !
the y-axis, and the x-axis points westward. Note that an ambient electric field in the east-west |
direction and a horizontal gradient in the east-west direction have also been occasionally
observed. But we shall ignore them for simplicity as we do the vertical altitude density gradient
which is very weak. The basic equations, describing a nearly field-aligned current-convective

mode in this situation, are
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where we allow for perturbations having small variations along the magnetic field.
The first two equations describe the motion of electron and ion fluids, in which we have

ignored the inertial effects for the two species on account of the low frequencies considered.

-l

Equation (3) is the continuity equation for species a, where subscript a stands for ions or elec-

trons; and Eq. (4) results from quasi-neutrality, n, = n, = n. The notation used here is sten-

dard: c is the speed of light, n is the density, v the fluid velocity, T the temperature in energy

units, 1 denotes perpendicular to the ambient magnetic field Byz, 2 is the unit vector along the

D 2 A
- T e
L]

' . z-axis, v, is the Coulomb collision frequency, v;, is the ion-neutral collision frequency, c? is

'[ the ion sound speed (= (T, + T,)/M), M is the ion mass, m the electron mass, 2 is the cyclo-
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tron frequency, and so on. We have neglected v,, the electron neutral collision frequency and
have assumed v,/ Q, < < 1, appropriate for the F region.
In what follows we equate the weak diffuse auroral currents observed in the ionosphere to
a relative drift between electrons and ions, vy (vg = vo — Vp), along the magnetic field. The

ion and electron continuity equations may be written as, in the ion frame,

on , ¢E, %2 ] v.n cEl
at + ——_—Bo Vlﬂ + Vl Bo
-9 - [__ g ‘
2
Vei &_ 6 ¢ dn
-V Q. 0; V‘nl oz ‘v,,, azl 0 )
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cE, x 2 -
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_d | B}
az |" myg 62[[ m »,,,l } ©
Equation (4) is nothing but the difference of Eqs. (5) and (6),
An2in Ei _ ¥ Ty
VL [n ni Bo ﬂi eBo Vln] (7)
3| T an, eE]_ 8n
T my. 9z +nmy,il Ve 3z

Any two of the Egs. (5)-(7) provide the complete description of the current convective

(kyx + kyy + k,z — wt), where w = w, + iy, grows at a rate y, given by,

kx Vei

k
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vi

ck? n?
- 1+ 3
Vin VeiVin + i

where, k? = k2 + k2, k? >> k? and L™' = ny'(@no/dy). This is the growth rate expression
also derived in our earlier paper for the current convective instability {Ossakow and Charurvedi,
1979] with three differences. In Eq. (8) we have ignored any equilibrium transverse electric
fields, have included the diffusion damping and allowed for k,. [Note that (8) is the same as
(10) in Ossakow and Chaturvedi [1979] but differs from their (9). This is because in arriving at
(1) and (2), in the present work, the relative motion in the electron-ion collision term in both

the electron and ion momentum equations has been retained.]

The current convective instability is characteristic of collisional magnetoplasma

configurations with a field-aligned current and a transverse density gradient, and was first dis-

cussed in connection with the positive column of laboratory gas discharges {Kadomstev, 1965].
A physical picture for this instability has been given in our earlier paper [Ossakow and Cha-
turvedi, 1979]). Briefly, the equilibrium electron drift along the magnetic field with respect to
ions, vy, causes polarization charges to develop across density fluctuations associated with the
nearly perpendicular mode (k; >> k,) [see Eq. (7)]. The resulting E; % By convection of the
fluid along the equilibrium density gradient carries density depletions into increasing density
regions and vice versa. As a consequence, the perturbation appears to grow with respect to the
background [Eq. (5) or (6)]. The instability occurs when the growth term overcomes the
damping due to ambipolar diffusion. This convective instability picture is all too familiar with
the other gradient instabilities such as the gravitational and E x B instabilities (see, e.g., Sudan
etal., 1973].

In such cases, a dominant stabilization mechanism has been shown to be the two-

dimensional mode coupling to linearly damped harmonics through E; x By - ¥, n term in the
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continuity equation [Rognlien and Weinstock, 1974; Chaturvedi and Ossakow, 1977; 1979). This
stabilization mechanism may be viewed as resulting from a nonlinear flux of particles or a
quasi-linear modification of the equilibrium density gradient which acts to limit the growth of
perturbations. It may be noted that the E; x By - V|, n term in the case of plane wave pertur-
bations is vanishingly small, in which case some other nonlinearity may be the dominant one.
In the present case, however, for highly field-aligned perturbations, such that
(we/ N >> (k/k )? the two-dimensional nonlinearity in the continuity equation is the most
important one. Thus in the ensuing analysis, we shall treat Eq. (7) linearly and retain only this
nonlinearity in the continuity Eq. (6). We shall follow the approach outlined in Rognlien and
Weinstock [1974) and Chaturvedi and Ossakow [1977,1979].

Consider a perturbation of the form

[:"—l = Ay sin (kx + k;2 — w?) cos k,y )
11
Then the linearlized Eq. (7) leads to
Q;
g2t 2
(¢)|_| - - =2 Al,l ’ (10)
K2+ Q.0 LU
Veilin z

cos (k,x + k,z — wt) cos kyy
where we have ignored some small terms (i.e., the terms proportional to temperature; this is

justified for the large paralle] and perpendicular wavelengths we are considering). The _El x

By - V. i term in the continuity equation may be written as
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which shows that the spatial harmonic in the direction of the gradient is generated through this

nonlinearity. We call it 2 new mode

. _
—1 = A,sin 2k,y. (12)
[“Olz.o 20 SI Y

One can write the continuity Eq. (6) in a form

o 5 Ex?
at Y B,

where we have split n = ny + fi, ng(y) is the ambient plasma density, # is the perturbation, and

vy is the net growth (or damping) of the modes. It can be readily verified that a perturbation of
the form (9) grows with the growth rate given by expression (8) while the mode (12) simply
damps out due to diffusion. Following the procedure outlined in Rognlien and Weinstock (1974]
and Chaturvedi and Ossakow (1977, 1979], we substitute for the density perturbation, in Eq.

(13),

ni = Ay sin (kX + K,z — wt) cos kyy + Ag o sin 2K,y (14)
0

The associated potential perturbation then can be computed from the linearized Eq. (7) and

substituted in Eq. (13).

One then obtains two coupled equations for the mode amplitudes,

0A,
- YirA —a Ay Ay Qs)
and
dA
_a:._q =—9y30A0+ % Af, (16)
where
kxky led
K Q.
a~= "
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is the coupling coefficient. One notes that in Egs. (15) and (16), the nonlinearity causes a non-
linear damping to be introduced for the linearly growing mode A, | through its interaction with
mode A, q;, whereas the linearly damped mode A, gets driven on account of the nonlinear
interaction of mode A, with itself. In an asymptotic steady state, one can put dA; /3t =

3A, /8t = 0. Then (15) and (16) yield,

e 1
Azo a k,L an
and
2 /2
A|,l = [ ::'0 Az,ol (18)

A rough estimate may be made of the saturated amplitudes. If y; ; > ¥34, then one notes that
Az0> Ay Then for L ~ 50 km and A, ~ 10 km, one obtains for A; o ~ 3.2%. It may be
mentioned here that in a recent in-situ rocket measurement of auroral F-region irregularities, a
percentage fluctuation amplitude of this order was measured for these scale sizes (M.C. Kelley,
private communication, 1979). It should also be noted that the linear theory of the current
convective instability favors a wave vector in the east-west direction (see Eq. (8)), i.e., perpen-
dicular to the northward density gradient. However, with A; ¢ > A, ;, the nonlinear saturated
state of the instability would make the k vector appear to be in the y (northward) direction, i.e.,
the final spectrum would be dominated by the north-south modes. This is in agreement with
the observations of Rino et al. [1978] who observed the sheet-like scintillation causing F region
irregularities to be L shell aligned. Furthermore, the simulations of Keskinen et al. [1979] have
shown that the collisional Rayleigh-Taylor instability in equatorial spread F saturates by the two

dimensional mode coupling.
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CHATURVEDI AND OSSAKOW
In summary, we have shown that a nonlinear two-dimensional mode coupling can stabilize .

the current convective instability in the auroral F-region ionosphere during diffuse auroral con-

ditions. The saturated fluctuation amplitudes of these large scalesize structures (~10 km) '

could be on the order of a few percent of the background values.
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NAVAL OCEAN SYSTEMS CENTER

SAN DIZG0, CA 92152
03CY ATIN CODE 532 W. MOLER
01CY ATTN CODE 0230 <. BAGGETT

oAy
F )

v 01CY ATYN CODE 81 R. EASTMAN

£ DIRECTOR

: 4 NAVA|, RESEARCH LABORATORY

i WASHINGTON, 0.C. 20375

.. OlCY ATYN CODE 6700 TIMOTWY P, COFFEY

14 (25 CYS 1F UNCLASS, 1 CY (F CLASS)
: 01CY ATTN CODE 6701 JACK D. BROWN
QICY ATTN CODE 6730 BRANCH HEAD (150 CYS
IF UNCLASS, 1 CY IF CLASS)
01CY ATTN COOE 7500 mMQ COMM DIR  BRUCE WALD
0ICY ATTN CODE 7550 J. DAVIS
01CY ATTN CODE 7580
01CY ATTN COOE 7551
01CY ATTN COOE 7555
. 01CY ATTN CODE 6730
' 01CY ATTN CODE 7127

€. MCLEAN
C. JONSON

COMMANDER
NAVAL SEA SYSTEMS COMMAND
Yo WASHINGTON, D.C. 20362
01CY ATTN CAPT R. PITKIN

COMMANDER
NAVAL SPACE SURVEILLANCE SYSTEM
DAMLGREN, VA 22uh8

01CY ATTN CAPT U, M. BURTON

OFF | CER~IN-CHARGE
» NAVAL SURFACE WEAPONS CENTER
WHITE OAK, SILVER SPRING, MO 20910
- 01CY ATTN CODE FI1

DIRECTOR
. STRATEG!C SYSTEME PROJECT OFFICE
DEPARTMENT OF THE NAVY
) WASHINGTON, D.C. 20376
s 01CY ATTN NSP-Z141
01CY ATTN NSSP-2722 FRED wIMBERLY

NAVAL SPACE SYSTEM ACTIVITY

P. 0. 80X 92960

AORLOWAY POSTAL CENTER

L0S ANGELES, CALIF. 90209
J1CY ATTN A, B, MAZZAR)

HEADQUARTERS
ELECTRONIC SYSTEMS D1VISION/OC
DEPARTMENT OF THE AlR FORCE
HANSCOM AF3, MA 01731
01CY ATTN DCKC  MAJ J. €. CLARK

COMMANDER

FOREIGN TECHNOLOGY DIVISION, AFSC

WRIGHT~PATTERSON AFB, OM 45433
01CY ATTN NICD LIBRARY
Q1CY ATTN ETOP 8. BALLARD

e COMMANDER
! ROME A[R DEVELOPMENT CENTER, AFSC
GRIFF 1SS AFB, NY 1344]
01CY ATTN OOC LIBRARY/TSLO
01CY ATTN UCSE V. COYNE

! ¢ SAMSO/SZ

l. A POST OFFICE 80X 92960
AORLOWAY POSTAL CENTER

! LOS ANGELES, CA 90009

) (SPACE DEFENSE SYSTEMS)

01CY ATIN SZJ

STRATEGIC AIR COMMAND/XPFS !

OFFUTT AFB, NB 68113 !
OICY ATIN XPFS MAY B, STEPWAN |
01CY ATTN ADWATE MAJ BRUCE BAUER !
01CY ATIN ART ‘
01CY ATTN DOK CHIEF SCIENTIST

SAMSO/YA
P. 0. 80x 92960
WORLOWAY POSTAL CENTER
LOS ANGELES, CA 90009
01CY AYTN YAT CAPY L. BLACKWELDER

SAMS0/SK
P. 0. 80X 92960
WORL DWAY POSTAL CENTER
LOS ANGELES, CA 90009
01CY ATTN SKA  (SPACE COMM SYSTEMS) M. CLAVIN

SAMSO/MN
NORTON AFB, CA 92609
(MINUTEMAN)

01CY ATTIN MNNL  LTC KENNEDY

COMMANDER
ROME ALR DEVELOPMENT CENTER, AFSC
HANSTOM AFB, MA 01731

0ICY ATTN EEP . A, LORENTZEN

OEPARTMENT OF ENERGY

DEPARTMENT OF ENERGY
ALBUQUERQUE OPERATIONS OFFICE
P. 0. BOx 5400
ALBUQUERQUE, NM 87115
01CY ATIN DOC CON FOR D. SHERWOOD

DEPARTMENT OF ENERGY
LISRARY ROOM G-042
WASHINGTON, O.C. 20545
01CY ATTN DOC CON FOR A, LABOWITZ

€686, INC.
LOS ALAMOS JIVISION
P. 0. fox B09
LOS ALAMOS, NM  B55u4u
O1CY ATIN DOC CON FOR J. BREEDLOVE

UNIVERSITY OF CALIFORNIA

LAWRENCE L 1VERMORE LABORATORY

P. 0. 80x 808

LIVERMORE, CA 94550
01CY ATIN DOC CON FOR TECH INFO DEPT
01CY ATTN DOC CON FOR L-349 R. 077
01CY ATIN DOC CON FOR L-3] R. HAGER
01CY ATTN OOC CON FOR L-46 F. SEWARD

LOS ALAMOS SCIENTIFIC LABURATORY

P, 0. BOx 1663

LOS ALAMOS, NM 87545
01CY ATTN DOC CON FOR J. wOLCOTT
01CY ATTN DOC CON FOR R. F. TASCHEK
01CY ATTN DOC CON FOR E. JONES
01CY ATTN DOC CON FOR J. MALIK
Ol1CY ATTN DOC CON FOR R, JEFFRIES
01CY ATTN DOC CON FOR J. ZINN
01CY ATTN DOC CON FOR P, XEATON
01CY ATTN DOC CON FOR D. wESTERVELT

SANDIA LABORATORIES
P. 0. BOX 5800
ALBUQUERQUE, NM 87115
Gl1LY ATTN DOC CON FOR J. MARTIN
01CY ATTN DOC CON FOR w. BROWN
01CY ATTN DOC CON FOR A, THORNBROWG
01CY ATTN DOC CON FOR T, wRIGNT
01CY ATTN DOC CON FOR D. DAMLGREN
01CY ATTN DOC COW E0x 3141
01CY ATTN DOC CON FOR SPACE "ROUECY iV
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SANDIA LABORATORIES

LIVERMORE LABGRATORY

P, 0. dOx 969

LIVERMORE, CA 94550
0LCY ATTN puC CON FOR 3. MURPHEY
QI1CY ATTN DUC CON FOR T. CO

OFF1CE oF MILITARY APPLICATION
DEPARTMENT OF ENERGY
NASNINGTUN, 0.C. 20545

01CY ATTN DGC CON FOR O. GALE

OTHER GUVEINMENT

CENTRAL INTELLIGENCE AGENCY
ATTN RD/SI, AM 5G6H, =Q BLOG
AASHINGTON, O.C. 20505

0ICY ATTN OSI/PSIO RM $F 13

DEPARTMENT OF COMMERCE

NAT[ONAL BUREAU OF STANDARDS

NASHINGTON, U.C. 20234
(ALL CORRES: ATTN SEC OFFICER FOR)
01CY ATTN R. MOORE

INSTITUTE FOR TELECOM SCIENCES
NATIONAL TELECOMMUNICATIONS & INFO ADMIN
8OULDER, CO 80303
J1CY ATTN A, JEAN (UNCLASS ONLY)
01CY ATTN W. UTLAUT
01CY ATTN 0. CROMBIE
01CY ATTN L. BERRY

NATIONAL OCEANIC § ATMOSPHERIC ADMIN
ENVIRONMENT AL RESEARCH LABORATORIES
DEPARTMENT OF COMMERCE
BOULDER, CO 80302

01CY ATTIN R, GRuUBB

01CY ATTN AERONOMY LAB G. REID

ACROSPACE CORPORATION

p. 0. 80x 929%7

L0S ANGELES, CA 90009
01CY ATTN 1. GARFUNKEL
01CY ATTN T, SALMI
01CY ATTN V. JOSEPHSON
01CcY ATIN S5, BOWER
01CY ATTN N, STOCKWELL
01CY ATTN D. OLSEN
0I1CY ATIN J. CARTER
01CY ATTN F. MORSE
G1CY ATTN SMFA FOR PWW

ANALYTICAL SYSTEMS ENGINEERING CORP
5 QLD CONCORD RQAD
BURLINGTON, A 01803

01CY ATTN RADIO SCIENCES

BERKELEY RESEARCH ASSOCIATES, INC.
P. 0. Box 983
BERKELEY, CA 94701

QLCY ATTN J. WORKMAN

LA 4 ; .
e . ) .
g Land - .,-

BOEING COMPANY, THE

P. 0. Box 3707

SEATTLE, wA 96124
01CY ATIN G. KEISTER
01CY AVTN D. MURRAY
01CY ATIN G. mALL
0lCY ATIN J. KENNEY

CALIFORNIA AT SAN DIEGO, UNLV OF
1PAPS, 8-019
LA JOLLA, CA 92093

01CY ATTN HENRY G. BOOKER

BROWN ENGINEERING COMPANY, INC.
CuMMINGS RESEARCH PARK
RUNTSVILLE, & 35807

0lCY ATTN ROMEQ A. DELIBERLS

CHARLES STARK URAPER LABORATORY, I%C.
§55 TECHNOLOGY SQUARE
CAMBRIDGE, MA 02139

01CY ATTN O. 8. COx

0lCY ATIN J. P. GILMORE

COMPUTER SCIENCES CORPORATION

5565 ARLINGTON 3LVD

FALLS CHURCP, VA 22046
01CY ATIN &, BLANK
VICY ATIN JOrN SPGOR
Q1CY ATIN L. NAIL

COMSAT LABORATORIES

LINTHICUM ROAD

CLARKSBURG, MU 20734
01CY ATTIN G. WYDE

CORNELL UNIVERSITY
DEPARTMENT OF tLECTRICAL ENGINEERING
[THACA, NY  l4d50

OlCY ATIN D, T, FARLEY R

ELECTRUSPACE 375TEMS, INC.
8ox 1353
RICHARDSON, TX 75080
QICY ATTHN H. LOGSTON
01CY ATTN SECURITY (PALL PrILLIPS)

E£5. INC.

445 JAVA ORIVE

SUNNYVALE, (A 94086
GiCY ATTN J. ROBERTS
01CY ATTN JAMES MARSHALL
01CY ATIN C. Ww. PRETTIE

FORD AEROSPACE & COMMUNICATIONS CORP
3939 FAGIAN wAY
PALO ALTO, CA 394303

01CY ATINJ. T. MATT INGLEY

GENERAL ELECTRUIC COMPANY
SPACE DIVISION
VALLEY FORGE SPACE CENTER
GODDARD BLVD KING OF PRUSSIA
P. 0. BOX 8555
PHILADELPHIA, PA 19101
0ICY ATTN M. H. BORTNER SPACE SCI LAB

GENERAL ELECTRIC COMPANY
P. 0. 8OX 1122
SYRACUSE. NY 13201

0lCY ATTN F. REIBERT

GENERAL ELECTRIC COMPANY
TEMPO-CENTER FOR ADVANCED STUDIES
816 STATE STREET (P.O. DRAWER QQ)
SANTA BARBARA, CA 93102

01CY ATTN DASIAC

01CY ATTN DON CHANDLER

01CY ATTN TOM BARRETT

01CY ATTN TiM STEPHANS

O0lCY ATTN WwARREN S, KNAPP

01CY ATTN WILLIAM MCNAMARA

01CY ATTN B. GAMBILL

JICY ATIN MACK STANTON
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EMERAL ELECTRIC "EQw Sexvitks €0., [IaC.
mME3
COURY STAsZ”
SYRACUSE, Ny 13201
01CY  ATIN G, MILLMAN

GENERAL RESEARCH CORPORATION
SANTA BARBARA OIVISION
P. 0. BOX 6770
SANTA BARBARA, CA 93111
01CY ATTN JOrN ISE JR
0ICY ATTN JOEL GARBARINO

GEOPHYSICAL INSTITUTE
UNIVERSITY OF ALASKA
FAIRBANKS, AK 93701
CALL CLASS ATTN: SECURITY OFFICER)
01CY ATTIN T. N. DAVIS (UNCL ONLY)
01CY ATTN NEAL BROWN (UNCL ONLY)
O1CY ATIN TECHNICAL LIBRARY

GTE SYULVANIA, INC.
ELECTRONICS SYSTEMS GRP-EASTERN DIV
77 A STREET
NEEDHAM, MA 02194
01CY ATTN MARSHAL CROSS

ILLINOIS, UNIVERSITY OF
DEPARTMENT OF ELECTRICAL ENGINEERING
URBANA, IL 61803

0l1CY ATTN K. YEM

ILLINOIS, UNIVERSITY OF

107 COBLE HALL

801 S. WRIGHT STREET

URBANA, 1L 60680
(ALL CORRES ATTN SECURITY SUPERVISOR FOR)
01CY ATTN K. YEH

INSTITUTE FOR DEFENSE ANALYSES

400 ARMY-NAVY DRIVE

ARLINGTON, VA 22202
01CY ATTN J. M. AEIN
01CY ATTN ERNEST BAUER
O0ICY ATTN HANS WOLFHARD
01CY ATTN JOEL BENGSTON

HSS, INC.
2 ALFRED CIRCLE
BEDFORD, MA 01730
OICY ATTN DONALD HANSEN

INTL TEL & TELEGRAPH CORPORATION
S00 WASHINGTON AVENUE
NUTLEY, Ng 02110

01CY ATTIN TECHNICAL LIBRARY

JAYCOR
1401 CAMINO DEL MAR
OEL MAR, CA 92014
01CY ATIN S. R. GOLDMAN

JOHNS HOPKINS UNIVERSITY

APPLIED PHYSICS LABORATORY

JOMNS HOPK [NS ROAD

LAUREL, MO 20810
QICY ATTN DOCUMENT LIBRARIAN
01CY ATTN THOMAS POTEMRA
01CY ATIN JOHN DASSOULAS

LOCKMEED MISSILES & SPACE CO INC
P, 0. BOX 504
SUNNYVALE, CA 94088

01CY ATTN DEPT 60-12

01CY ATTN D. R. CHURCHILL

LOCKHEED MISSILES AND SPACE CO INC

3251 HANOVER STREET

PALO ALTO, CA QU304
01CY ATTN MARTIN wALT OEPT 52-10
01CY ATTN RICHARD G. JOMNSON DEPT 52-12
0ICY ATIN W. L. IMHOF DEPT 52-12

KAMAN SCIENMES CoP

#, 0, 80X Jeb3

COLORADU $PRINGS, CU 80433
OICY ATIN T, MEApMt<

LINKAGIT CORP
10US3 ROSELLE
SAN ClELD, CA 92121
0ICY ATTIN IRwiN UACO8S

M1, T, LENCOLN LAGORATORY

P, 0. BOx 73

LEXINGTON, ™A 02173
01CY  ATTIN JAVIO M. TOWit
0ICY  ATIN P, WALORON
0ICY ATTN L. LOUWGHLIN
JICY  ATIN D, CLARX

MART IN MARIETTA CORP
ORLANDU DI VISION
P. 0. BOx 5837
ORLANDO, FL 32805
01CY  ATIN R, nEFFNER

MCOONNELL DOUGLAS CORPORAT [ON
5301 80LSA AVENLE
HUNTINGTON BEACH, CA 92647
OLCY  ATIN N, -ARRIS
01CY  ATIN U, MOWZ
0ICY ATTIN GEORGE MROI
GICY  ATTN w. OLSON
01CY ATIN R, ., nALPRIN
01CY  ATTN TELPNICAL LIBRARY SEVICIS

MISSION RESEARCH CORPORATION

735 STATE STREET

SANTA BARBARA, Ca 93101
QICY ATTN P, FISCHER
01CY AVIN w. F, CREVIER
01CY ATTN STEVEN L. GUTSCHE
01CY ATTN D. SAPPENFIELD
81Cy ATIN R, BOGUSCH
0l1CY ATIN 8. RENDRICK
Q1CY ATIN RALPH XILB
01CY ATTN DAVE SUWLE
01CY ATIN F. FAJEN
01CY ATTN M. SCHEIBE
01CY ATTN CONRAD L. LONGMIRE
01CY ATTN WARREN A, SCHLUETER

MITRE CORPORATION, THE

P. O, BOX 208

BEDFORD, MA 01730
01CY ATTN JOHN MORGANSTERN
01CY ATTN G. HARDING
01CY ATTN C. E. CALLAMAN

MITRE CORP
WESTGATE RESEARCH PARK
1820 COLLY MADISON BLVD
MCLEAN, VA 22101
01CY ATTN w. HALL
01CY ATTN w, FOSTER

PACIFIC~S1ERRA RESEARCH CORP
1456 CLOVERFIELD BLVD.
SANTA MONICA, CA 90404

01Cy ATTN E. C. FIELD wR

PENNSYLVANIA STATE UNIVERSITY
TONOSPHERE RESEARCHM LAB
518 ELECTRICAL ENGINEERING EAST
UNIVERSITY PARK, PA 16802
(NO CLASSIFIED YO THIS ADORESS)
01CY ATTN 1ONOSPHERIC RESEARCH LAB
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PHOTOMETRICS, INC.
W2 MARRETT ROAD
LEXINGTON, W 02173
Q1CY ATTN [RVING L. <OFSKY

PHYSICAL JTNAMICS INC.,
P, 0. 8s0x 307
BELLEVUE, wA 43009
QICY ATIN €, J. PuEMUIW

PYSICAL DYNAMICS INC.
P, 0. BOx 1069
SEAELEY, CA 94201
0ICY ATIN A, TruMPSON

R £ O ASSOCIATES

P. O. 80x 9695

MARINA DEL REY, CA 90291
01CY ATTN FORREST GILMORE
01CY ATTN BRYAN GABBARD
01CY ATTN WILLIAM 8. wRIGHT JR
01CY ATTN ROBERT F, LELEVIER
Q1CY ATTIN WiILLIAM J. KARZAS
01CY ATIN W, ORY
0ICY ATTIN C. MACDONALD
01CY ATIN R. TURCD

RAND CORPORATION, THE

1700 MAIN STREET

SANTA MONICA, CA 90406
01CY ATTN CULLEN CRAIN
D1CY ATIN £D BEDROZIAN

RIVERS 1DE RESEARCH INSTITUTE
80 WEST END AVENUE
NEw YORK, NY 10023

01CY ATTN VINCE TRAPANI

SCIENCE APPLICATIONS, INC.

P. 0. BOX 2351

LA JOLLA, CA 92038
01CY ATIN LEWIS M. LINSON
01CY ATYN OANIEL A. rAMLIN
01CY ATYN D. SACHS
0ICY ATTN E. A, STRAKER
01CY ATTN CURTIS A, SMITH
01CY ATTN JAOK MCOOUGALL

RAYTHEON CO.
$20 S0STON POST AOAD
SUDBURY, MA 01776

01CY ATTN BARSARA ADNS

SCIENCE APPLICATIONS, INC.
MUNTSVILLE DIVISION
2109 w. CLINTON AVENUE
SUITE 700
FMUNTSVILLE, AL 35008
0I1CY ATYN DALE W. DIVIS

SCIENCE APMLICATIUNS, INCORPORATED
400 WESTPAN vl
mCLEAN, /A 22101

01CY ATIN J. COOXAYME

SCIENCE APPLICATIONS, INC.

40 MISSION LRIV

PLEASANTON, CA  94S60
01CY ATTN S2

SRI INTERNAT .UMM

333 RAVENSHOUD AVENUE

MENLO PAN, CA 96025
01CY ATTN JONALD NEILSUN
01CY ATIN ALAN BURS
OICY ATTN G. SMITH
QICY AN L. L. COBS
0ICY ATTYN DAVID A, JOPNSON
01CY ATTN wALTER 6. OMESNUT
O01CY ATT CHARLES L. RIND
O1CY ATTN WALTER JAYE
O0LCY ATTN M. BARON
OICY ATYN RAY L, LEADABRANG
0)CY ATYN G. CARPINTER
0lCY ATTN G. PRICE
01CY ATTN J. PETERSON
01CY ATTN R, MAKE, JR,
01CY ATIN v, GONZALES
01CY ATIN D. MCDANIEL

TEQWOLOGY INTEANATIONAL CORP
75 WIGGINS AVENUE
BEOFORD, WA 01730

OlCY ATTN . P. 8OQUIST

TR OEFENSE € SPACE SYS GROUP

ONE SPACE PARK

REDONDO BEACH, CA 90278
QICY ATIN R. K. PLEBUCM
0lCY ATTN S. ALTSCHAER
01CY ATIN D. OCE

VISIOMNE, INC.
19 ™MIRD AVENE
NORTH WEST [INDUSTRIAL PARK
SURLINGTON, MA 01803
0ICY ATTN CHARLES HUMPHREY
01CY ATYN J. W. CANENTER
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PLEASE DISTRIGUTE ONE COPY TO EACH OF THE FOLLOWING PEOPLE:

‘a

ADVANCED RESEARCH PROVECTS AGENCY (ARPA)
STRATEGIC TECHNOLOGY OFFICE
ARLINGTON, VIRGINIA

CAPT, DONALD M. LEVINE

NAVAL RESEARCH LABORATORY
WASHINGTON, D.C. 20375

P, MANGE

R, MEIER

€. SIUSZCIEWICZ - COOE 7127

T{MOTWY COFFEY - CODE 6700 (20 COPLES)
S. OSSAKOw - CODE 6780 (100 COPIES)

. GOUDMAN - CODE 7560

RERE XS

SCIENCE APPLICATIONS, INC.
1250 PROSPECT PLAZA
A JOLLA, CALIFORNIA 92037

DR. D. A, mAMLIN
DR. . LINSON
OR. D. SALMS

OIRECTOR OF SPACE AND ENVIRCNMENTAL LABORATORY

BOULDER, COLORADO B0302

. GLENM JEAN
. W. ADAMS

. M. ANDERSON
. DAVIES

. FL OONNE LY

11T
oAU D

A, F, GEOPHYSICS LABORATORY
. w. HANSOM FIELD
BEDFORD, MASS. 01730

OR. 7. ELKINS

OR. w. SwIDER
WS, . SAGALYNV
0P, 4. M, FORBES
DA, T. u. KENESHEA
OR. . AARONS

OFFICE OF NAVA_ RESEARCH
800 NORTH QUINCY STREET
ARLINGTON, VIRGINIA 22217

OR. m. MULLANF Y
COMMANDE ?

NAVAL ELECTRONICS LABORATORY CENTER
SAN DIEG0, CALIFORNIA 92152

DR. M, BLEIWEISS
OR. 1. ROTWMULLER
DR. v. MILOEBRAND
R, R, ROSE

V. 5. ARMY ABERDEEN RESEARCH AND DEVELOPMENT CENTER
BALLISTIC RESEARCH LABORATORY
ABERDEEN, MARYLAND

OR. . MEIMEAL

COMMWOER

NAVAL ALA SYSTEMS COMWND
OEPARTMENT OF TWE NAVY
WASIINGTON, D.C. 28080

MARVARD UNIVERSITY
HARVARD SQUARE
CAMBRIDGE, MaSS. 02138

OR. M, B, “CELROY
OR. R, LINDIEN

PENNGYLVANIA STATE UNIVERSITY
UNIVERSITY PARK, PENNSYLWAN]A 16802

XEEXEXRS

UNIVERSITY OF CALIFORNIA, LOS ANGELES
05 HILLGARD AVENUE
LOS ANGELES, CALIFORNIA 90024

OR. F. v. CORONITY

DR. C. KENNEL
UNIVERSLTY OF CALIFORNIA, BEAKELEY
BEAKELEY, CALIFORNIA 94720

OR. M. rUDSON
UTAM STATE UNIVERSITY

4TH N, AND 8TH STREETS
LOGAN, UTAR BW322

DR, P, M. BANKS
DR, R, mARRIS
OR. v, PETERSON
DR. R, MEGILL
OR. K, BAKER

CORNELL UNIVERS(TY
ITHACA, NEw YORK 14850

DR. w. E. SWwARTZ

OR. . SUDAN

OR. D. FARLEY

DR. ™, KELLEY
NASA

GUODARD SPACE FLIGHT CENTER
GREENBELT, MARYLAND 20771

DR, S, CrANDRA
OR. K. MAEDD

PRINCETON UNIVERSITY
PLASMA PHYSICS LABORATORY
PRINCETON, NEW JERSEY 08540

OR, F. PERKINS
OR. E. FRIEMAN

INSTITUTE FOR DEFENSE ANALYSIS
400 ARMY /NAVY ORIVE
ARLINGTON, VIRGINIA 22202

OR. E. SAER

YNIVBRS 1Y OF PITTSBURGH
LTSRN, #A. 15213

. N, ZABUKY
m. n, s100!




